In the summer of 2015, many individuals visiting the Little Wolf River in Waupaca County were exposed to the pathogenic fungus, Blastomyces. Over time, 59 confirmed and 39 probable cases were reported to the Wisconsin Department of Health Services (W-DHS), making this one of the largest outbreaks in recent state history. Though most instances of blastomycosis are not associated with common source outbreaks, cases such as this highlight the need for vigilance regarding this preventable cause of death. In the state of Wisconsin, an average of 118.6 cases (range, 84-174) of confirmed blastomycosis are diagnosed annually; the majority of these cases are sporadic rather than outbreak-associated. In the current study, we review characteristics of blastomycosis cases diagnosed at our academic medical center, as well as examine statewide W-DHS data, in order to familiarize pathologists with the epidemiologic and histologic characteristics of this disease.
INTRODUCTION
The Blastomyces genus is comprised of two pathogenic dimorphic fungal species: B. dermatitidis and B. gilchristii. Both species are endemic east of the Mississippi river from Wisconsin to Louisiana and as far east as northern Maine (1) . The organism is known to reside in the soil, but becomes aerosolized around lakes and rivers. In addition to humans, it can infect many different hosts including animals such as dogs. Inhalation is the most common way to acquire blastomycosis; transmission from person to person is uncommon, but can be seen, particularly transplacentally between mother and fetus or between partners during sexual intercourse (2) . Rarely, direct inoculation of the skin has occurred during autopsies when pathologists have injured themselves and unintentionally contaminated the wounds with infected patient tissue (3) . The clinical manifestations can be quite variable, ranging from asymptomatic to rapidly severe and fatal respiratory distress. Many factors are thought to contribute to clinical severity including inoculation level, time to treatment, and underlying health and immune status. Disseminated disease can also arise and may involve sites such as the skin, bone, genitourinary tract, and central nervous system (4) . Although not a nationally notifiable disease, blastomycosis is endemic in the state of Wisconsin and has been designated as a reportable disease since two major outbreaks occurred in 1984 (5) . Other states in which blastomycosis is a reportable disease include Arkansas, Louisiana, Michigan, and Minnesota (1) .
METHODS

A retrospective search of the University of Wisconsin
Hospital and Clinics electronic databases including PowerPath (Sunquest Informational Systems), McKesson Information Systems, and Healthlink (Epic) was conducted for tissue samples, autopsies, cultures, and clinical information for patients positive for blastomycosis. Cases were retrieved from years 2003-2015 using search terms "blastomycosis," "Blastomyces," and "B. dermatitidis." Until 2014, forensic pathology autopsy reports at our institution were maintained in a separate nonelectronic database; this separate forensic report database was manually searched for confirmed blastomycosis cases from 2003-2014. Data were compiled concentrating on age at diagnosis, gender, race/ ethnicity, comorbidities, method of diagnosis, morbidity and mortality due to Blastomyces infection, and date of initial diagnosis. Finally, statewide blastomycosis epidemiologic data provided by the Wisconsin Department of Health Services (W-DHS) from the years 2003-2015 were reviewed; a confirmed case of blastomycosis as defined by W-DHS required either isolation of Blastomyces spp. or visualization of the characteristic broad-based budding yeast from a patient sample.
RESULTS
University of Wisconsin Hospital and Clinics Data
Between 2003 and 2015, 82 confirmed cases of blastomycosis were diagnosed from culture and/or tissue samples obtained at the University of Wisconsin Hospital and Clinics (average annual number of cases, 6.31). Of these, 42 were diagnosed via culture only, 20 via tissue samples only (skin, lung, or other), and 20 via both culture and tissue samples. Demographics, comorbidities, and date of diagnoses are reported in Table 1 . Review of medical records revealed that ten patients died due to blastomycosis, two of which were autopsied. Table 2 outlines specific demographics, comorbidities, and date of diagnosis of those who died due to blastomycosis. The fatality rate of blastomycosis cases diagnosed by tissue was 12.2%. Autopsy findings were reviewed in both cases.
Autopsy Case 1:
An immunocompetent 21-year-old man without significant medical history participated in a Little Wolf River (Waupaca County, WI) rafting trip in July of 2015. He was diagnosed with blastomycosis in August, but declined antifungal treatment until November of 2015, at which point he was hospitalized with severe respiratory distress. He was ultimately placed on extracorporeal membrane oxygenation and antifungal medication. He developed metabolic abnormalities that led to acute toxic metabolic encephalopathy and he died.
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At autopsy, the lungs were markedly heavy and consolidated, with multifocal hemorrhage (Image 1). Following formalin fixation, a focal miliary pattern of granulomas was evident (Image 2). Microscopic sections revealed diffuse interstitial and intra-alveolar organizing fibrosis, with scattered hyaline membranes and type II pneumocyte hyperplasia (Image 3A). All lung lobes were involved by this exuberant diffuse alveolar damage and organizing pneumonia. There were also geographic areas of intra-alveolar hemorrhage, necrosis, cavitation, and acute thromboemboli within distal vessels. Admixed with the areas of organizing fibrosis were numerous histiocytes and giant cells containing round, encapsulated, broad-based budding yeast that appeared morphologically consistent with blastomycosis (Images 3B and 3C).
Autopsy Case 2:
An immunocompromised 68-year-old man with a history of renal transplantation secondary to diabetic nephropathy was admitted six months prior to death due to diffuse viral (varicella zoster and cytomegalovirus) and fungal (Aspergillus) pneumonia. His medical history was significant for type 2 diabetes mellitus, hypertension, congestive heart failure, atrial fibrillation, and a prosthetic aortic valve. Complications during hospitalization resulted in an above-the-knee amputation for staphylococcal osteomyelitis. He developed fever and dyspnea, and went into cardiac arrest. Although successfully resuscitated, he subsequently developed acute respiratory and multiorgan failure and died.
At autopsy, the lungs were markedly heavy, with focal consolidation and pulmonary bullae. Several small, white-tan nodules averaging 0.2-0.5 cm in diameter were scattered throughout the lung parenchyma. Acute antemortem thromboemboli were visualized within the small peripheral pulmonary arteries with corresponding wedge-shaped, tan colored distal infarcts. Microscopic sections revealed pneumonia, necrosis, and hemorrhage resulting in disruption of the alveoli. Numerous round, encapsulated, broad-based budding yeast, morphologically consistent with blastomycosis were also seen. Gross examination of the skin re- 
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vealed scattered ring-like gray lesions averaging 0.5 to 1.0 cm in diameter concentrated over the back and anterior chest wall. Microscopic examination of those lesions revealed normal cutaneous architecture without evidence of intracellular inclusions.
Wisconsin Department of Health Services Data
Between 2003 and 2015, the average number of confirmed cases of blastomycosis reported annually in the state of Wisconsin was 118.6 (range, 84-174). The majority of cases were sporadic; however, in four years (2006, 2009, 2010, 2015) there were blastomycosis outbreaks (Figure 1) . The most recent outbreak of blastomycosis arose among individuals who visited the Little Wolf River in Waupaca County, WI during the summer of 2015. To date, there have been 59 confirmed and 39 probable cases of blastomycosis-including the previously described fatality-associated with this outbreak.
Beginning in 2008, W-DHS began requesting more in-depth demographic, clinical, diagnostic, and exposure documentation for reported cases of blastomyco- Downloaded from www.afpjournal.com by an AFP Journal subscriber This article is for personal use only and may not be shared or distributed in any fashion ORIGINAL ARTICLE sis. Between 2008 and 2014, there were a total of 787 confirmed blastomycosis cases in Wisconsin. The majority of the patients were male (67%), and the median age of diagnosis was 46 years (range, 3-97 years). The symptoms most commonly reported were cough and/ or fatigue (75%), fever/chills/night sweats (50%), and skin lesions (25%). In 44% of cases (n=346), inpatient hospitalization was required and the annual fatality rate was 5.6% (range, 3.2-11.2%). One caveat is that while reporting of blastomycosis is mandatory in the state of Wisconsin, reporting of whether or not a confirmed case results in death is not. Thus, the above fatality rates only represent those deaths that were voluntarily reported.
DISCUSSION
The diagnosis of blastomycosis may not be clinically suspected as the disease manifestations can vary widely. One larger retrospective study found that Image 2: White, firm, granulomatous lesions are common within Blastomyces infected organs. Within the lungs, granulomas can vary in size and may be either focal or diffuse in a miliary pattern (as seen above). Formalin fixation can increase tissue contrast, allowing for better visualization of small granulomas. 
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the diagnosis was correctly suspected at initial clinical evaluation in only 18% of patients (6) . The most common misdiagnoses included lung tumor and/or metastatic disease, pneumonia, and tuberculosis (7) . Given that the disease is often unsuspected, microbial culture samples may not be submitted, necessitating diagnosis by morphologic evaluation of tissue samples obtained via biopsy or autopsy. As shown in the current study, even in endemic states such as Wisconsin, the majority of blastomycosis cases are sporadic rather than associated with well-publicized outbreaks, and case history may not be particularly helpful in suggesting the diagnosis. Our data suggest that while the median age of blastomycosis diagnosis is 45 years, the disease should be considered in all age groups ranging from pediatric to geriatric and that patients need not be immunocompromised to become infected. Of the patients at our institution infected with Blastomyces, 40% had no clinical history or comorbidity that would cause immunosuppression or opportunistic infection opportunities. The other 60% had some sort of immunosuppression either iatrogenic (e.g., solid organ transplant undergoing transplant rejection prevention, chemotherapy, or corticosteroid treatment for other underlying disorders), concurrent infections (e.g., human immunodeficiency virus, tuberculosis), or medical conditions (e.g., underlying lung disease or diabetes mellitus). Men are more likely to be affected than women; more than two-thirds of the patients were male in our study. This male predominance has also been noted in other studies; it is theorized that this is likely multifactorial and may be 
attributable to the increased likelihood of men participating in outdoor activities, either recreationally or occupationally (2, 8) .
Epidemiologic clues that should raise the suspicion for blastomycosis include travel or residence in an endemic/hyperendemic area, participation in outdoor activities involving exposure to soil and wetlands, and recent onset of pulmonary or flu-like symptoms (8) . As the disease incubation period ranges from three weeks to three months, it may challenging to correlate disease onset with a particular exposure (5) . As shown by our study, there can be wide geographic variation of blastomycosis incidence within a single state. For instance, our institution is located within Dane County, WI-a nonhyperendemic region. Annually, we diagnose six to seven cases of blastomycosis via culture or morphologic assessment of tissue, and our county's average annual incidence rate of blastomycosis is one per 100 000 persons. The hyperendemic counties of northern Wisconsin have an average annual incidence rate of greater than ten per 100 000 persons. Due to the nonspecific clinical presentation of blastomycosis, patients may be inappropriately treated with antibiotics, even in endemic states. Blastomycosis should thus be considered in the differential diagnosis of patients 
expiring of pulmonary illness unresponsive to antibiotic therapy (8) . As dogs have a relatively high rate of blastomycosis infection, a history of the recent death of a pet dog due to a pulmonary illness may indicate a possible common source Blastomyces exposure; however, blastomycosis is not transmitted between species (8, 9) . Finally, there may be racial and/or ethnic predispositions to blastomycosis: a study of Marathon County found that of the 55 patients who contracted blastomycosis during the 2009-2010 outbreak, 45% were Hmong. This ethnic clustering was ultimately deemed to be multifactorial, but further investigation into a possible genetic predisposition is currently underway (10) . Our data showed a predominance of infection within the Caucasian population (approximately 70%), which more likely is representative of our general population demographics rather than an ethnic predisposition.
Given that the clinical manifestations can be variable and case history noncontributory, having a good working knowledge of the morphology of blastomycosis and its mimics can be essential. Characteristically, blastomycosis is found in the yeast rather than hyphal form at human body temperatures. The yeast is round, 8-15 μm in diameter, encapsulated, and clear, with broad-based budding (9, 11) . Alveolar macrophages assimilate the yeast in an attempt to destroy it, but in fact provide it a safe and environmentally controlled setting to replicate. The exact mechanism by which Blastomyces is able to evade the natural immune system is not fully understood, but surface proteins such as BAD-1 and α1-3 glucan may play a significant role (2, 11, 12) . The other two organisms that may resemble blastomycosis are Paracoccidioides brasiliensis, a dimorphic fungus endemic in Central and South America, and Cryptococcus neoformans, a ubiquitous environmental fungus found worldwide. Paracoccidioides, as compared to Blastomyces, has a thinner cell wall, more polymorphic shape, and may show circumferential small buds surrounding the parent yeast (the so-called "mariner's wheel" appearance). Cryptococcus has a thick mucicarmine-positive mucoid capsule, as opposed to the thin or incomplete mucicarmine capsular staining that may occasionally be seen with Blastomyces (9). While nonspecific, gross features supportive of blastomycosis infection include those pulmonary findings reported in the two previously described autopsy cases such as consolidation and hemorrhage; granulomatous lesions are often visible and can be either focal or diffuse (4) . Pleural adhesions and hilar adenopathy are also common. Upon sectioning of the lungs, areas of edema, hemorrhage, and cavitary necrosis may be seen. Cutaneous manifestations are also common; the lesions are characteristically round, may be single or multiple, and vary in size from 0.5-1.5 cm in diameter. They tend to appear raised with a violaceous, verrucous, arciform border, while the center of the lesion is pustular and often has crust formation (Image 4) (13, 14) . Histologically, lesions show hyperplasia of the epidermis with neutrophilic and granulomatous infiltrate of the dermis. The degree of histologic changes in skin can vary widely (as demonstrated in the second autopsy case) and lesions grossly consistent with blastomycosis infection may not be easily recognized histologically. The use of special stains such as such as Periodic acid-Schiff with/without diastase (PAS/ PAS-D) or Grocott's/Gomori Methenamine Silver (GMS), can be beneficial (Image 5). In general, most of the antemortem blastomycosis testing modalities are also available for postmortem samples. A comparison of testing options, including relative costs, turnaround times, and required samples is given in Table 3 . Thompson 
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is mandatory in our state, but reporting of deaths is voluntary. Though most cases of blastomycosis are sporadic, the recent Little Wolf River outbreak illustrates that common source exposures continue to occur. It also reinforces the importance of timely institution of antifungal therapy, as the one fatality arose in an otherwise immunocompetent young man who initially refused treatment. Untreated blastomycosis has a reported mortality rate of approximately 60-78% (2, 17) . As blastomycosis is often not suspected clinically, morphologic assessment of tissue with or without microbial cultures is essential to postmortem exam-
CONCLUSION
As blastomycosis is not a nationally notifiable disease, epidemiologic patterns of infection have yet to be fully characterized. Review of data from states with mandatory reporting, such as Wisconsin, can thus contribute greatly to the understanding of this disease. The average number of confirmed cases per year in our state is 118.6; in at least 44% of these, inpatient hospitalization is required; annually, 5-6% are fatal. These figures likely underestimate the actual disease morbidity/mortality as reporting of the disease 
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ination. At our academic institution, we diagnose six to seven cases of blastomycosis annually via culture or examination of biopsy and/or autopsy tissue. Overall, our study highlights the need for vigilance among pathologists regarding this preventable cause of death. 
